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(57) ABSTRACT

A tuel 1njection device for a gas turbine combustor imcludes
a pilot fuel 1njector disposed on an axis of the fuel 1njection
device; an annular main fuel injector encircling the pilot tuel
injector; and a plurality of main fuel 1njection holes formed
in the main fuel mnjector and spaced circumierentially from
cach other for injecting fuel axially rearward. The main fuel
injector includes an annular fuel passage forming portion, an
inner ring portion on an inner peripheral side of the fuel
passage forming portion, and an outer ring portion on an
outer peripheral side of the fuel passage forming portion.
One of a space between the fuel passage forming portion and
the mner ring portion and a space between the fuel passage
forming portion and the outer ring portion forms a pilot fuel
supply passage, and the other one forms a main fuel supply
passage.

7 Claims, 3 Drawing Sheets
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1
FUEL INJECTING DEVICE

CROSS REFERENCE TO THE RELATED
APPLICATION

This application 1s a continuation application, under 35
US.C. § 111(a), of international application No. PCT/
JP2015/073022, filed Aug. 17, 2015, which claims priority
to Japanese patent application No. 2014-165803, filed Aug.
18, 2014, the disclosure of which are incorporated by
reference in their entirety into this application.

10

BACKGROUND OF THE INVENTION

Field of the Invention b

The present mvention relates to a fuel 1njection device
including fuel imjectors for use 1 a combustor of a gas
turbine engine. 20

Description of Related Art

In recent years, 1n consideration of the environment, there
1s a need for a reduction of emissions such as NOx (mitrogen 55
oxide) emitted from gas turbine engines. As a fuel injection
device for the conventional aircraft gas turbine combustor, a
fuel 1njection device of a diffusive combustion type 1is
generally known. In the diffusion combustion type, since the
burning reaction takes place based on the stoichiometric 30
mixture ratio, the flame temperature tends to increase.
Considering that the emission of NOx 1s known to expo-
nentially increase with the increase of the flame temperature,
lowering of the flame temperature appears to eflectively
suppress the emission of NOx. However, in the current 35
situation of the propensity for high temperature and high
pressure 1n the gas turbine engine, further suppression of the
emission of NOx with the conventional diffusive combus-
tion method 1s limited.

In order to lower the flame temperature, a fuel injection 40
device of a lean combustion method 1s considered eflective.
The lean combustion method 1s known to be a method of
burning an air-fuel mixture 1n which the ratio of fuel relative
to air 15 lowered. The lean combustion according to this
method contributes to a considerable reduction of the flame 45
temperature as compared with that afforded by the conven-
tional diffusive combustion method. On the other hand,
however, the lean combustion method tends to result in an
instable and mmcomplete combustion because of the rela-
tively low tlame temperature. In view of this, a concentric- 30
type fuel injection device 1n which a pilot tuel injector 1s
disposed on an mner side and a main fuel injector 1s disposed
on an outer side so as to be concentric with the pilot tuel
injector 1s used (see, for example, Patent Document 1). This
concentric-type fuel injection device realizes a low NOx 55
emission by mainly causing the main fuel mjector to per-
form lean combustion while causing the pilot fuel injector to
maintain stable combustion by a diffusion combustion
method during a high power operation, and by causing the
pilot fuel 1njector to stabilize a flame by diflusion combus- 60
tion during a low power operation.

RELATED DOCUMENT

Patent Document 65

|Patent Document 1] U.S. Pat. No. 6,898,926

2
SUMMARY OF THE INVENTION

However, 1n the concentric-type fuel injection device,
both of the main fuel 1njector and the pilot fuel 1njector are
put 1nto operation during the high power operation, but only
the pilot fuel 1njector 1s put 1into operation and the main fuel
injector 1s not put mnto operation during the low power
operation. Accordingly, fuel 1n a fuel pipe of the main fuel
injector does not tflow during the low power operation 1n
which the main fuel injector 1s not put into operation. For
this reason, coking of fuel remaining in the fuel pipe of the
main fuel injector, which may cause clogging of the fuel
pipe, sometimes occurs due to heat of high-temperature air
flowing around the main fuel 1injector during the low power
operation.

Meanwhile, the fuel 1njection device disclosed 1n Patent
Document 1, which mjects fuel from a main fuel mjector
toward a radially outer side, 1s not suitable for use requiring
a small-sized fuel imjection device because an 1ncrease 1n a
dimension 1n the radial direction 1s 1nevitable.

An object of the present ivention 1s to provide a fuel
injection device in which coking 1n a main fuel 1injector can
be eflectively prevented while keeping the size of the main
tuel injector 1n a radial direction small 1n order to solve the
above problems.

In order to attain the above object, a fuel mjection device
according to the present invention 1s fuel injection device for
a combustor of a gas turbine, which includes: a pilot fuel
injector disposed on an axis of the fuel mjection device; a
main fuel mjector having an annular shape and disposed so
as to be concentric with the pilot fuel 1njector and encircle
an outer periphery of the pilot fuel mjector; and a plurality
of main fuel 1njection holes that are formed 1n the main fuel
injector so as to be spaced circumierentially from each other
and are configured to inject the tuel axially rearward. The
main fuel mjector includes a fuel passage forming portion of
an annular shape, an inner ring portion located on an 1nner
peripheral side of the fuel passage forming portion, and an
outer ring portion located on an outer peripheral side of the
fuel passage forming portion. One of a space between the
fuel passage forming portion and the inner ring portion and
a space between the fuel passage forming portion and the
outer ring portion forms a pilot fuel supply passage of an
annular shape configured to supply a fuel to the pilot fuel
injector, and the other one of the spaces forms a main fuel
supply passage of an annular shape configured to supply a
tuel to the fuel mjection holes of the main fuel injector.

According to this configuration, the dimension of the
device 1n the radial direction 1s kept small by configuring the
main fuel injector as an axial direction 1njection type. At the
same time, the pilot fuel supply passage and the main fuel
supply passage are formed by the fuel passage forming
portion having an annular shape, the inner ring portion, and
the outer ring portion, thereby allowing the main fuel supply
passage to be cooled by a fuel flowing through the pilot fuel
supply passage 1n a case where the main fuel supply passage
1s not used, for example, during a low power operation.
Thus, 1t 1s possible to eflectively prevent coking of the main
fuel supply passage with a simple structure.

In one embodiment of the present invention, the pilot fuel
supply passage may be located on a radially imnner side of the
main fuel supply passage. According to this configuration,
the structure of the fuel supply passage that 1s disposed on
a radially mner side and supplies a fuel to the pilot fuel
injector 1s simplified.

In one embodiment of the present invention, the fuel
injection device may further include: a main housing cov-
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ering the main fuel injector; and a support ring disposed
inside the main housing and having a front end portion that
1s supported by the main housing and a rear end portion that
supports the main fuel injector. According to this configu-
ration, by coupling the main housing and the main fuel
injector with a gap interposed therebetween, 1t 1s possible to
suppress occurrence of stress resulting from a thermal
expansion difference in the support ring, which 1s a support
member. Furthermore, since the main fuel injector 1s cir-
cumierentially supported by the main housing via the sup-
port ring, which 1s an annular member, the main fuel injector
can be firmly supported even against mechanical vibration.

In one embodiment of the present invention, the fuel
injection device may further include: a pilot fuel introducing
passage provided on a downstream side of the pilot fuel
supply passage and configured to mntroduce a fuel into the
pilot fuel 1njector; and a pilot housing covering the pilot fuel
introducing passage, in which the pilot fuel imjector 1s
axially slidably attached to the pilot housing. According to
this configuration, it 1s possible to avoid thermal expansion
in a supporting structure for the pilot fuel njector.

Any combination of at least two constructions, disclosed
in the appended claims and/or the specification and/or the
accompanying drawings should be construed as included
within the scope of the present invention. In particular, any
combination of two or more of the appended claims should
be equally construed as included within the scope of the
present mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more
clearly understood from the following description of pre-
terred embodiments thereof, when taken 1n conjunction with
the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illustra-
tion and explanation, and are not to be taken as limiting the
scope of the present invention in any way whatsoever, which
scope 1s to be determined by the appended claims. In the
accompanying drawings, like reference numerals are used to
denote like parts throughout the several views, and:

FIG. 1 1s a cross-sectional view showing a fuel imjection
device according to one embodiment of the present inven-
tion;

FIG. 2 1s an enlarged cross-sectional view showing a
portion of the fuel ijection device of FIG. 1; and

FI1G. 3 1s a diagram schematically showing a tlow passage
of fuel 1n the fuel mjection device of FIG. 1.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be described
below with reference to the drawings. FIG. 1 shows a fuel
injection device 1 according to an embodiment of the
present invention. The fuel injection device 1 1s used n a
combustor of a gas turbine engine to mix a fuel with a
compressed air supplied from a compressor of the gas
turbine engine so that the mixture 1s combusted 1n a com-
bustion chamber E of the combustor and to supply high-
temperature and high-pressure combustion gas generated by
the combustion to a turbine so that the turbine 1s driven. A
plurality of fuel 1injection devices 1 according to the present
embodiment are disposed at regular intervals so as to be
concentric with an engine rotation axis (not shown). Here-
inafter, the combustion chamber E side 1n a direction of an
axis C of the fuel ijection device 1 1s referred to as a rear
side, and a side opposite to the rear side 1s referred to as a
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front side. The expressions “rear’ and “front” added to
names of constituent elements 1n the embodiments are used
in the same meaning. Hereinafter, a direction that 1s parallel
to the axis C of the fuel mjection device 1 1s simply referred
to as an “axial direction”.

The fuel mjection device 1 includes a pilot fuel injector 3
disposed on the rotation axis C of the fuel mjection device
1 and a main fuel mjector 5 provided so as to encircle an
outer periphery of the pilot fuel injector 3 and be concentric
with the axis C of the pilot fuel injector 3. A fuel for diffusion
combustion 1njected from the pilot fuel injector 3 1s mixed
with an air delivered through a pilot swirler SW1 and 1s then
supplied to the combustion chamber E of the combustor.
Meanwhile, a fuel for lean combustion injected from the
main fuel mjector 5 1s premixed with an air passed through
a main outer swirler SW2 and a main inner swirler SW3, and
1s then supplied as a lean mixture gas to the combustion
chamber E. Each fuel injection device 1 1s supported by a
housing (not shown) of the combustor at a stem portion 9
that forms a fuel pipe unit U. The fuel pipe unit U includes
a first fuel mtroducing system F1 for mtroducing a fuel for
diffusion combustion to be supplied to the pilot fuel mnjector
3 and a second fuel introducing system F2 for introducing a
tuel for lean premix combustion to be supplied to the main
tuel 1jector 5.

FIG. 2 1s an enlarged view showing a structure of a
portion of the fuel injection device 1. The fuel ijection
device 1 includes the pilot fuel injector 3 disposed at a
radially center position and the main fuel injector 5 disposed
on a radially outer side of the fuel injection device 1, that is,
disposed so as to encircle the outer periphery of the pilot fuel
injector 3, as described above. The main fuel injector 5
includes a fuel introducing region 11 for introducing fuel
into the main fuel myector 35 and an annular fuel flow region
13 for allowing fuel introduced from the fuel introducing
region 11 to flow 1n a circumierential direction of the main
tuel injector 5. The fuel mtroducing region 11 1s connected
to the fuel pipe unit U.

The main fuel injector 5 1includes a fuel passage forming
member 15, which forms a fuel passage forming portion of
an annular shape, an inner ring 17, which forms an 1inner ring
portion located on an inner peripheral side of the fuel
passage forming member 15 (the fuel passage forming
portion), and an outer ring 19, which forms an outer ring
portion located on an outer peripheral side of the fuel
passage forming member 15 (the fuel passage forming
portion).

The fuel passage forming member 15 has a fuel passage
forming member annular portion 15q that has a cylindrical
shape and forms the fuel flow region 13, and a fuel passage
forming member base portion 155 that 1s provided protrud-
ingly from the fuel passage forming member annular portion
15a forward in the axial direction and forms the fuel
introducing region 11. The fuel passage forming member 15
has a plurality of through-holes on a rear end surface thereof,
which open 1n the axial direction and are arranged in the
circumierential direction. The through-holes function as
main fuel injection holes 21 through which a tuel 1s mjected
rearward in the axial direction. Each of the main fuel
injection holes 21 1s provided 1n a main fuel injection nozzle
23 that protrudes 1n the axial direction.

The fuel passage forming member annular portion 154
has an 1nner peripheral surface formed with an inner periph-
eral side circumierential groove 235 that extends over the
entire circumierence thereof. The fuel passage forming
member annular portion 154 has an outer peripheral surface
tformed with an outer peripheral side circumierential groove
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277 that extends over the entire circumierence thereof. The
tuel passage forming member base portion 155 has an 1nner
peripheral surface formed with an inner peripheral side axial
groove 29 that extends in the axial direction. The tuel
passage forming member base portion 156 has an outer
peripheral surface formed with an outer peripheral side axial
groove 31 that extends 1n the axial direction.

The mner ring 17 has an nner ring annular portion 17a
that forms the fuel flow region 13 and an 1nner ring intro-
ducing portion 175 that 1s provided protrudingly in the axial
direction from the inner ring annular portion 17a and forms
the fuel introducing region 11. Similarly, the outer ring 19
has an outer ring annular portion 19a that forms the fuel flow
region 13 and an outer ring introducing portion 195 that 1s
provided protrudingly 1n the axial direction from the outer
ring annular portion 19¢ and forms the fuel introducing
region 11.

The 1mmner ring 17 1s disposed such that the mnner ring
annular portion 17a covers the mner peripheral side circum-
terential groove 25 of the fuel passage forming member 135
and such that the imner ring itroducing portion 175 covers
the inner peripheral side axial groove 29 of the fuel passage
forming member 135. Thus, a space between the fuel passage
forming member 15 and the inner ring 17 (1.e., a space 1n the
inner peripheral side circumierential groove 235 and a space
in the mner peripheral side axial groove 29) forms a pilot
tuel supply passage 33 of an annular shape for supplying a
tuel to the pilot fuel imjector 3.

Meanwhile, the outer ring 19 1s disposed such that the
outer ring annular portion 19a covers the outer peripheral
side circumierential groove 27 of the fuel passage forming
member 15 and such that the outer ring introducing portion
1956 covers the outer peripheral side axial groove 31 of the
tuel passage forming member 135. Thus, a space between the
tuel passage forming member 15 and the outer ring 19 (i.e.,
a space 1n the outer peripheral side circumierential groove
27 and a space 1n the outer peripheral side axial groove 31)
forms a main fuel supply passage 35 of an annular shape for
supplying a fuel to the main fuel injector 5.

In the present embodiment, the pilot fuel supply passage
33 1s located on a radially 1inner side of the main fuel supply
passage 35 as shown in FIG. 3 in order to simplify the
structure of a fuel supply system in consideration of the
configuration 1n which the pilot fuel injector 3 1s disposed on
a radially inner side of the main fuel injector 5. Alternatively,
the space, located on a radially mner side, between the fuel
passage forming member 15 and the mner ring 17 may be
the main fuel supply passage 35, and the space, located on
a radially outer side, between the fuel passage forming
member 15 and the outer ring 19 may be the pilot fuel supply
passage 33.

As shown 1n FIG. 2, the fuel injection device 1 further
includes a main housing 37 that covers the main fuel injector
5. The main housing 37 supports the main fuel injector 5 via
a support ring 41, which will be described later. The main
housing 37 insulates heat transier from ambient high-tem-
perature air to the main fuel injector 5.

The main housing 37 includes a bottom wall portion 374
that forms a front portion of the fuel injection device 1, an
inner cylindrical portion 375 that covers a radially inner side
of the main fuel imjector 5, a rear wall portion 37¢ that covers
a rear portion of the mner cylindrical portion 375, and an
outer cylindrical portion 37d that extends forward from an
outer peripheral end of the rear wall portion 37¢ and covers
a radially outer side of the main fuel imjector 5. The bottom
wall portion 37a 1s provided integrally with the stem portion
9. The rear wall portion 37¢ of the main housing 37 has a
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6

plurality of injection holes, which are arranged at regular
intervals 1n the circumierential direction at positions respec-
tively corresponding to the main fuel injection nozzles 23,
for injecting a tuel supplied from the main fuel 1njection
nozzles 23. The outer cylindrical portion 374 1s thinly joined
to the bottom wall portion 37a, for example, by welding.

The support ring 41 1s 1n the form of a cylindrical member
that has an axial dimension substantially 1dentical with an
axial length from a rear end surface of the main fuel injector
5 to a front end surface of the main housing 37. The support
ring 41 has a front end portion provided with a front end
flange portion 45 of a flange shape that protrudes toward the
inner diameter side. In the present embodiment, the front
end flange portion 45 has two steps, in which one of the steps
that 1s closer to the rear side has a larger diameter. Mean-
while, the support ring 41 has a rear end portion provided
with a rear end tlange portion 47 that protrudes toward the
outer diameter side.

The support ring 41 configured as above 1s supported by
the main housing 37 at the front end thereol. More specifi-
cally, the support ring 41 1s supported by the main housing
3’7 by joining an outer peripheral surface 41a of the front end
portion of the support ring 41 to an 1nner peripheral edge of
the bottom wall portion 37a of the main housing 37, for
example, by brazing, and fitting the front end portion of the
inner cylindrical portion 375 of the main housing 37 to a
front side step 45a of the front end flange portion 45 of the
support ring 41. A radial gap G1 1s present between the
support ring 41 and the main housing 37. More specifically,
since the front end flange portion 435 of the support ring 41
has the two steps as described above, the radial gap 1 that
corresponds to a step height 1n the radial direction of a rear
side step 4556 of the front end flange portion 45 1s defined
between the inner peripheral surface of the support ring 41
and the outer peripheral surface of the inner cylindrical
portion of the main housing 37, 1n a state where the front end
portion of the support ring 41 1s supported by the main
housing 37.

The main fuel mjector 5 1s supported by a rear end portion
of the support ring 41. More specifically, the inner ring 17
of the main fuel injector S has a rear end portion {itting onto
the rear end flange portion 47 of the support ring 41 from the
front side. In the present embodiment, the inner ring 17 has
a rear end portion provided with a contact edge 17¢ that
slightly protrudes toward the radially inner side and makes
contact with the rear end flange portion 47. Accordingly, the
rear end portion of the main fuel mjector 5 1s supported by
the rear end of the support ring 41. In this state, a radial gap
(G2 1s present between the support ring 41 and the main fuel
injector 5. More specifically, the radial gap G2 that corre-
sponds to a protruding height of the contact edge 17¢ 1s
defined between the outer peripheral surface of the support
ring 41 and the mner peripheral surface of the main fuel
injector 5 (1.e., the mner peripheral surface of the inner ring
17). A portion of the main fuel injector S that forms the
annular fuel flow region 13 1s supported by the main housing
377, only at the rear end portion thereof that 1s supported by
the rear end portion of the support ring 41. In other words,
a gap 1s also defined between an inner wall surface of the
main housing 37 and the front end surface, outer peripheral
surface, and rear end surface of the main fuel injector 5.

The structure 1n which the front end portion of the support
ring 41 1s supported by the main housing 37 i1s not limited
to the example shown 1n FIG. 2. For example, 1t 1s also
possible to employ a configuration 1n which the front end
portion of the support ring 41 1s made straight instead of
providing the front end tlange portion 45 and makes radial
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contact with the bottom wall portion 37a and the inner
cylindrical portion 375 of the main housing 37. According to
such a configuration, due to slide in the direction of the axis
C between the main housing 37 and the support ring 41,
occurrence of stress 1n the direction of the axis C resulting
from thermal expansion can be suppressed. Furthermore, the
structure 1n which the support ring 41 supports the main fuel
injector 5 1s not limited to the example shown 1n FIG. 2. For
example, i1t 1s also possible to employ a configuration 1n
which the rear end portion of the support ring 41 {its onto
and supports the front end portion or a central portion 1n the
direction of the axis C of the main fuel injector 5 depending
on a relative dimensional relationship between the main tuel
injector 5 and the support ring 41. The structure in which the
support ring 41 supports the main fuel injector 3, 1.e., the
connection structure between the inner ring 17 and the
support ring 41 1s not limited to the fitting. For example, the
mner ring 17 and the support ring 41 may be fixed by a
method such as welding or brazing. The inner ring 17 and
the support ring 41 may be formed as a single piece member.
Alternatively, the mner ring 17 and the support ring 41 may
be 1n contact with each other so as to be slidable 1n the
direction of the axis C, in which case the support ring 41
supports the main fuel injector 5 1n the radial direction.

By thus coupling the main housing 37, which easily
reaches a high temperature due to ambient compressed air
introduced from a compressor, with the main fuel injector 5,
which 1s cooled by flow of the fuel for the pilot fuel 1njector
3, such that the main housing 37 and the main fuel mjector
5 are spaced from each other, 1t 1s possible to suppress
occurrence of stress resulting from a thermal expansion
difference 1n the support ring 41, which 1s a support member.
Furthermore, since the main fuel injector 5 1s circumieren-
tially supported by the main housing 37 via the support ring
41, which 1s an annular member, the main fuel injector 5 can
be firmly supported even against mechanical vibration.

Since the radial gap G1 1s defined between the main
housing 37 and the support ring 41 and the radial gap G2 1s
defined between the support ring 41 and the main fuel
injector 5 so that air 1s present 1n each gap, heat transfer from
the main housing 37, which easily reaches a high tempera-
ture, to the main fuel 1njector 5, especially to the main fuel
supply passage 35 can be suppressed. As a result thereof,
occurrence of coking 1n the main fuel supply passage 35 can
be suppressed. It 1s preferable from the perspective of
reduction of heat transier that the gap G2 be present between
the support ring 41 and the main fuel 1njector 3, but the gap
(G2 may be omitted. That is, 1t 1s also possible to employ a
configuration 1in which the support ring 41 and the inner ring
17 of the main fuel imjector 3 are 1n direct contact with each
other.

A pilot tuel introducing passage 51 for introducing a fuel
into the pilot fuel injector 3 1s provided on a downstream
side of the pilot fuel supply passage 33. More specifically,
the base portion 155 of the tuel passage forming member 15
has an inner peripheral surface formed with an 1nner periph-
eral side lead-out groove 53 that extends 1n parallel to the
inner peripheral side axial groove 29. A pilot fuel lead-out
pipe 55 that forms the pilot fuel introducing passage 51 1s
provided so as to extend toward a radially mner side from a
downstream end portion of the pilot fuel supply passage 33
formed by the mner peripheral side lead-out groove 53.

The pilot fuel introducing passage 51 (the pilot fuel
lead-out pipe 55) 1s covered with a pilot housing 57. The
pilot housing 57 1s in the form of a pipe member of
substantially L-shape, which corresponds to the shape
tormed by the pilot fuel mntroducing passage 51 and the pilot
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tuel 1njector 3. The pilot fuel 1injector 3 1s attached to the
pilot housing 57 so as to be slidable 1n the direction of the
axis C.

The pilot fuel mjector 3 includes a pilot fuel injector
support pipe 59 that extends along the axis C and forms a
downstream portion of the pilot fuel introducing passage 51,
and a pilot fuel 1njection nozzle 61 that 1s supported by the
pilot fuel injector support pipe 59. The pilot tuel 1njection
nozzle 61 has a pilot fuel injection hole 63 that 1s commu-
nicated with the pilot fuel introducing passage 51 to ject a
fuel introduced from the pilot fuel mtroducing passage 51.
The pilot fuel 1njection nozzle 61 according to the present
embodiment has a plurality of (four in the example shown 1n
FIG. 3) fuel injection holes 63 that radially extend in the
radial direction, as shown i1n FIG. 3.

The pilot fuel njector support pipe 39 has, at a down-
stream side end portion (i.e., a rear end portion) thereot, a
fitting recessed portion 59a that 1s recessed in the axial
direction of the support pipe. By fitting a {itting projecting
portion 61a provided at an upstream side end portion (1.€.,
front end portion) of the pilot fuel ijection nozzle 61 into
the fitting recessed portion 59a of the pilot fuel injector
support pipe 59, the pilot fuel injection nozzle 61 and the
pilot fuel 1njector support pipe 39 are coupled with each
other.

The external diameter of the downstream side end portion
of the pilot fuel imjector support pipe 39 1s larger than that
ol other portions of the pilot fuel 1njector support pipe 59
and 1s slightly smaller than the inner diameter of the rear end
of the pilot housing 57 that covers the downstream side end
portion of the pilot fuel injector support pipe 59. In this way,
the pilot fuel 1njector 3 1s supported by the main housing 37
via the pilot fuel lead-out pipe 55 and 1s supported by the
pilot housing 57 so as to be slidable 1n the direction of the
axis C.

Since the pilot fuel 1njector 3 1s supported by the pilot
housing 57 so as to be slidable in the direction of the axis C,
it 15 possible to avoid thermal expansion in the supporting
structure for the pilot fuel inmjector 3.

As described above, 1n accordance with the fuel 1njection
device 1 according to the present embodiment, the dimen-
sion of the device in the radial direction 1s kept small by
configuring the main fuel imjector 5 as an axial direction
injection type. At the same time, the pilot fuel supply
passage 33 and the main fuel supply passage 335 are formed
by the fuel passage forming member 15 having an annular
shape, the mner ring 17, and the outer ring 19, thereby
allowing the main fuel supply passage 35 to be cooled by
tuel tlowing through the pilot fuel supply passage 33 when
the main fuel supply passage 35 1s not used, for example,
during a low power operation. That 1s, 1t 15 possible to
cllectively prevent coking of the main fuel supply passage

35 with a simple structure.

Although the present invention has been fully described 1n
connection with the preferred embodiment thereof with
reference to the accompanying drawings which are used
only for the purpose of illustration, those skilled 1n the art
will readily conceive numerous changes and modifications
within the framework of obviousness upon the reading of the
specification herein presented of the present invention.
Accordingly, such changes and modifications are, unless
they depart from the scope of the present mmvention as
delivered from the claims annexed hereto, to be construed as
included therein.

REFERENCE NUMERALS

1 ... Fuel mjection device
3 . .. Pilot tuel injector



US 11,060,730 B2

9

5 ... Main fuel injector

15 . . . Fuel passage forming member (Fuel passage
forming portion)

17 . . . Inner ring (Inner ring portion)

19 . . . Outer ring (Outer ring portion)

21 . . . Main fuel mjection hole

33 . . . Pilot fuel supply passage

35 . . . Main fuel supply passage
37 . . . Main housing
41 . . . Support ring

What 1s claimed 1s:
1. A tuel injection device for a combustor of a gas turbine,

the fuel 1mjection device comprising:

a pilot fuel imector disposed on an axis of the fuel
injection device;

a main fuel injector having a first annular shape and
disposed so as to be concentric with the pilot fuel
injector and encircle an outer periphery of the pilot fuel
injector;

a plurality of main fuel 1njection holes that are formed in
the main fuel 1njector so as to be spaced circumieren-
tially from each other and are configured to inject a first
fuel axially rearward; and

a main housing including an inner cylindrical portion that
covers a radially mner side of the main fuel ijector, an
outer cylindrical portion that covers a radially outer
side of the main fuel injector, a bottom wall portion that
covers a front side of the main fuel 1njector, and a rear
wall portion that covers a rear side of the main fuel
injector;

the main fuel imjector including a fuel passage forming
portion of a second annular shape, an inner ring portion
located on a radially iner side of the fuel passage
forming portion so as to radially coniront the fuel
passage forming portion, and an outer ring portion
located on a radially outer side of the fuel passage
forming portion so as to radially coniront the fuel
passage forming portion,

wherein each of the plurality of main fuel 1injection holes
1s formed as a through-hole that opens axially in a rear
end portion of the fuel passage forming portion,

wherein one of a first space between the fuel passage
forming portion and the inner ring portion and a second
space between the fuel passage forming portion and the
outer ring portion forms a pilot fuel supply passage of
a third annular shape configured to supply a second fuel
to the pilot fuel 1njector,

the other one of the first space and the second space forms
a main fuel supply passage of a fourth annular shape
configured to supply the first tuel to the plurality of
main fuel injection holes of the main fuel injector, and

wherein the main fuel mjector 1s supported by the main
housing only at one end portion of the main fuel
injector so that a gap 1s defined between the main
housing and the main fuel injector.

2. The fuel injection device as claimed 1n claim 1, wherein

the pilot fuel supply passage 1s located on a radially inner
side of the main fuel supply passage.

3. The fuel 1injection device as claimed 1n claim 1, further

comprising;

a pilot fuel introducing passage provided on a down-
stream side of the pilot fuel supply passage and con-
figured to introduce the second fuel into the pilot fuel
injector; and

a pilot housing covering the pilot fuel introducing pas-
sage,
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wherein the pilot fuel 1njector 1s axially slidably attached to
the pilot housing.

4. The fuel mnjection device as claimed 1n claim 1, wherein
the main housing covers an entirety of the radially inner side
of the main fuel 1njector.

5. The fuel injection device as claimed 1n claim 1, wherein
the main housing covers at least a portion of the main fuel
injector that confronts the pilot tuel injector.

6. A fuel injection device for a combustor of a gas turbine,
the fuel 1injection device comprising;:

a pilot fuel mjector disposed on an axis of the fuel

injection device;

a main fuel injector having a first annular shape and
disposed so as to be concentric with the pilot fuel
injector and encircle an outer periphery of the pilot fuel
injector;

a plurality of main fuel injection holes that are formed 1n
the main fuel 1njector so as to be spaced circumieren-
tially from each other and are configured to inject a first
tuel axially rearward;

a main housing including an mner cylindrical portion that
covers a radially inner side of the main fuel injector, an
outer cylindrical portion that covers a radially outer
side of the main fuel 1njector, a bottom wall portion that
covers a front side of the main fuel 1njector, and a rear
wall portion that covers a rear side of the main fuel
injector; and

a support ring disposed inside the main housing and
having a support ring front end portion that 1s supported
by the main housing and a support ring rear end portion
that supports the main fuel injector,

the main fuel 1njector including a fuel passage forming
portion of a second annular shape, an 1mnner ring portion
located on a radially mner side of the fuel passage
forming portion so as to radially confront the fuel
passage forming portion, and an outer ring portion
located on a radially outer side of the fuel passage
forming portion so as to radially confront the fuel
passage forming portion,

wherein each of the plurality of main fuel injection holes
1s formed as a through-hole that opens axially in a rear
end portion of the fuel passage forming portion,

wherein one of a first space between the fuel passage
forming portion and the inner ring portion and a second
space between the fuel passage forming portion and the
outer ring portion forms a pilot fuel supply passage of
a third annular shape configured to supply a second fuel
to the pilot fuel injector,

the other one of the first space and the second space forms
a main fuel supply passage of a fourth annular shape
configured to supply the first tuel to the plurality of
main fuel ijection holes of the main fuel 1njector, and

wherein the main fuel injector 1s supported by the main
housing via the support ring only at one end portion of
the main fuel ijector so that a gap 1s defined between
the main housing and the main fuel njector.

7. The fuel injection device as claimed 1n claim 6, wherein

a first radial gap 1s defined between an inner peripheral
surface of the support ring and an outer peripheral surface of
the 1nner cylindrical portion of the main housing,

wherein a second radial gap 1s defined between an outer
peripheral surface of the support ring and an inner
peripheral surface of the inner ring portion, and
wherein the gap defined between the main housing and
the main fuel 1njector includes the first radial gap and
the second radial gap.
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